Waste Transfer stations are the integral part of municipal solid waste management. They essentially function as transit waste collection centres enroute to the landfill facility. The Shah Alam solid waste transfer station (SATS) is the first such transfer station to be established at the industrial zone in the city of Shah Alam. The SATS will be designed to receive approximately 1500 tonnes of municipal solid waste daily. The station will have the capacity to expand its waste reception to approximately 2500 tonnes/day. The key environmental components of concerns during implementation of SATS were air quality, odour, noise, vibration, river water quality, aquatic ecology, socio-economy and traffic and transportation issues around the project area. The baseline data has been collected for the above environmental component and discussed in detail in the existing environmental section of EIA report. Subsequently, the potential environmental impacts arising from the construction and operational phases of the SATS are evaluated based on prevailing regulatory requirements and environmental best management practices. Finally, an Environmental Management Plan (EMP) for the SATS was necessary to effectively manage all the potential impacts identified in this report and monitor the activities at the project site during construction and operational phases of the project. This is to ensure that the environmental objectives are met and all activities relating to the implementation of the project are carried out in an environmentally sustainable manner.
INTRODUCTION
With the economic advancement and population growth, the generation of solid waste is also increased tremendously in Malaysia. The need for proper waste disposal infrastructures such as Sanitary Landfills (SL), Transfer Stations (TS), Materials Recovery Facilities (MRF) and Incinerators are becoming more important and crucial. Currently, there are no sanitary landfills within the city of Kuala Lumpur upon closure of Taman Beringin sanitary landfill. As a result of it, the wastes from Kuala Lumpur have now been sent to Bukit Tagar Landfill via Taman Beringin Transfer Station. Upon closure of Air Hitam Landfill in 2006, the wastes so far buried there, need to be diverted to the Bukit Tagar or any new landfills in the region. Currently the existing landfills are located far from the major waste catchment areas in Selangor. Due to scarcity of suitable land near the city centres, the distance between sanitary landfills and city centres getting increased. Therefore establishment of transfer stations at each major waste catchment area is inevitable to make waste management more effective and efficient. These transfer stations need to be located at strategically located regional centres to serve the municipal solid waste catchments areas within the central, southern and northern districts of Selangor State.
Transfer stations are the integral part of municipal solid waste management. They essentially function as transit waste collection centres enroute to the landfill facility. The concept of a transfer station is based on the fact that when the final disposal site is remote from the collection area, it will be more cost effective to transport the waste in larger load vehicles or trailers more suited for the long journey to the final disposal site, rather than to be disposed off by small collection vehicles (waste collection trucks or refuse collection vehicles or RCV as commonly called) designed for house-to-house collection of municipal solid waste. In addition, transfer stations can also serve as collection points for recyclable wastes and materials.
The Shah Alam solid waste transfer station (SATS) is the first such transfer station to be established at the industrial zone in Section 2, in the city of Shah Alam. The subject site is geo-referenced at approximately 3°04' N, 101°33' E. The earmarked site is a parcel of undeveloped open land previously used as a plant nursery. The total land area of the project site is 10.56 acres and the proposed SATS will occupy the entire area. The built-up area is estimated to be 20,400 m 2 . The SATS will be designed to receive approximately 1500 tonnes of municipal solid waste daily. The station will have the capacity to expand its waste reception to approximately 2500 tonnes/day. The SATS will serve the municipal solid waste catchment areas of Majlis Bandaraya Shah Alam (MBSA), Majlis Perbandaran Petaling Jaya (MPPJ), Majlis Perbandaran Subang Jaya (MPSJ) and Majlis Perbandaran Klang (MPK) in Selangor.
TRANSFER STATION DESIGN CONCEPT
The transfer station design concept selected for the SATS is the compactor type. Typically, the compactors are installed in level two transfer stations where waste collection vehicles drive to the upper floor and tip directly into small hoppers built over the silos. This is essentially a very clean operation with excellent control of most potential environmental effects. Specifically, the compactor system that will be employed for the SATS is the vertical compression principle. Here, the waste containers (silos) will be filled from a platform in a vertical position. The system is considered a simpler, more efficient and more economical than the horizontal compactor system, mainly because of the need for fewer silos, compactors and transportation trucks.
Moreover, lighter construction, less maintenance of the equipment and less building space and infrastructure requirement likewise contribute to minimize the investment and operational costs per ton of waste. In order to minimise these costs, efforts have been made to reduce the material costs and to increase the transfer volume of waste to a maximum. For vertical system, the main transfer station building will be split-levelled and the waste containers will be unloaded into a silo that is placed in a vertical position.
The waste is dumped into the silo directly from the waste collection vehicles (WCV) from the upper floor and compressed vertically by means of a mobile compactor. The energy generated by the refuse collection vehicle when unloading, is used to fill the silo. This free power provided by gravity will partly aid in the compacting process -both in the filling and the waste compression. The silos will be manufactured (locally, based on design and imported materials from the system provider) with a round section of approximate 2.3 m diameter and a length of approximate 7.5 m. At the stages of feeding and waiting for haulage, the silo will stand on a square frame at the base. The door on the top of the upraised silo, together with a fixed plate, will serve as a full hopper around the silo section.
The silos are produced with a mild traverse from the square section to the round section to prevent waste to remain in the feeding section after unloading. For optimal use of the haulage trailers, hereby improving the transportation economy, the silos will be handled by transfer station trucks, equipped with silo handling systems for transferring to the haulage trailers. The entire transfer process will be performed under cover, isolated from rain water (to limit pollution and water accumulation in the waste) and wind (to limit littering due to blowing paper and plastic).
The Multi Compact System combined with its transportation solution meets all environmental requirements. During the transfer the waste is exposed to the open air only for a very short time, which limits stench to a minimum. The silos are 100% water tight, which prevents leakage during loading and transportation. Upon arrival to the landfill the silo will be transferred from the haulage trailer to a specially designed landfill truck. The landfill truck will empty the contents of the silo onto the dumping site. Due to the special designed rear-axle, the landfill truck is able to drive on the unstable grounds in the dumping area of the landfill and its operation will save valuable time for the transportation truck.
ENVIRONMENTAL IMPACT ASSESSMENT
The key environmental components of concerns during implementation of the project were air quality, odour, noise, vibration, river water quality, aquatic ecology, socio-economy and traffic and transportation issues around the project site. The baseline data has been collected and discussed in detail in the existing environmental section of EIA report. Subsequently, the potential environmental impacts arising from the construction and operational phases of the SATS are evaluated based on prevailing regulatory requirements and environmental best management practices.
Air emissions and noise during the construction phase of the project were due to land clearing, ground excavation, fill and grading operations, and construction of structures such as buildings and roads. The air and noise impacts would have very minimal impact on the surrounding areas. However, the construction runoff and drainage may cause both physical and biological effects, especially river aquatic system. The physical effects include blockage of drainage channels and increased suspended solids (SS) concentration in Damansara river. Possible biological effects to the river include toxicity caused by mixtures of hydrocarbons and grouting materials and reduction in dissolved oxygen (DO) levels caused by high suspended solids concentrations. Similarly, the flora and fauna survey at the site did not indicate the presence of any species of conservation value.
During the construction phase, machinery and vehicles such as bulldozers, excavators, graders, roller-compactors, dump trucks and pile rigs will be mobilized or will be transported by low-loaders will cause temporary disruption to the normal traffic flow.
However, job opportunities, particularly in the form of manual and semi-skilled labour will be in demand creating positive socioeconomic impacts. Most of the construction workers for the project may be foreign workers, with minimum labour input from locals.
During the operational phase, noise is generated by motor vehicles and machineries. As the road is not a high density road and machinery used is not heavy, they are not expected to be significant and therefore their impact would be minimal. During the operational phase, the proposed transfer station is expected to generate a moderate amount of motorised traffic. With the surfaces in the compound paved and only a moderate increase in traffic volume over the years, the air quality of the areas in the vicinity of the station is not expected to deteriorate and would generally meet the ambient air standards based on the air quality modelling results. Odour modelling study showed that the odour is only detectable during the daytime and under worst case atmospheric conditions. The maximum distance odour is detectable is 75 meters from the centre of the transfer station and also detectable intermittently. Environmental impacts arising from the uncontrolled release of the waste effluent include soil contamination and water pollution may be significant. Since the waste effluents generated would be largely organic in nature, the escape of these effluents, untreated, into the river will increase the biological oxygen demand and the total suspended solids levels. In the operation phase, the socio economic impacts predicted from the implementation of the project are positive, with the opening of employment opportunities.
ENVIRONMENTAL MANAGEMENT PLAN
An Environmental Management Plan (EMP) for the SATS is necessary to effectively manage all the potential impacts identified in this report and monitor the activities at the project site during construction and operational phases of the project. This is to ensure that the environmental objectives are met and all activities relating to the implementation of the project are carried out in an environmentally sustainable manner.
Objectives of the EMP
The primary objectives of Environmental Management Plan are as follows:
Allocating institutional and administrative responsibilities for planning and management of environmental requirements. The results of the EIA are to be applied to project planning, engineering design and project implementation; Allocating responsibility to execute mitigation actions to the project manager and or the contractors responsible for project development; Implementing a program of monitoring to check the effectiveness of the mitigation measures, and to modify or implement additional measures, to correct or overcome the impacts in question; Appointing relevant expertise or consultants to assist if in-house capability is not available; Ensuring that the recommended mitigation measures are incorporated in the detailed design and contract documents; Allocating adequate budget for implementing the EMP.
Scope of the EMP
The main elements in the EMP are:
Legislative and contractual requirements and conditions that need to be observed and complied with; An administrative set-up (e.g. Environment, Safety and Health Unit) to be responsible for environmental management, with well defined organisational structure, required manpower, and the responsibilities of the personnel defined. The administration of the EMP should also include the contractors involved in the mixed development; Environmental monitoring programmes for ambient air quality, boundary noise, vibration, water quality, and effluent discharges; Actions required and sequence of reporting in response to accidents or abnormal operations during project development.
The EMP needs to be periodically reviewed and modified to include changes or other impacts that may be identified in the course of the project implementation.
Elements of the EMP may constitute components of the contract agreement for contractors and sub-contractors appointed for the project.
ENVIRONMENTAL MONITORING
An integral part of the EMP is the formulation of various monitoring programmes to determine the effectiveness of the mitigating measures adopted and to monitor changes (adverse or otherwise) to the surrounding physical, chemical, biological and human environment. The monitoring programmes outlined in the EMP should cover all stages in the life-cycle of the project; from site investigation, site clearing and earthworks, construction, and operation of the completed transfer station and its associated facilities. An environmental monitoring programme, which forms an essential component in the overall EMP, is suggested in Table 1 and Table  2 . The monitoring programme shall include, but not be limited to ambient air quality, boundary noise levels, vibration levels, surface water quality, groundwater quality, wastewater quality (effluent discharges) and total suspended solids from discharged from the silt trap. At the silt trap outlets.
Fortnightly
All the silt traps outlets 
Monitoring During Construction Phase
During the construction phase, the main emissions into the air would be Total Suspended Particulate (TSP), Particulate Matter (PM 10 ), Dust fall, Carbon Monoxide (CO), Sulphur Dioxide (SO 2 ) and Nitrogen Dioxide (NO 2 ). As such, it is recommended that regular monitoring of these parameters is carried out around the project site. Emphasis should be placed on built-up areas or areas of significant human population. The ambient air monitoring can be conducted every month, depending on the duration of the construction phase.
Noise monitoring is important in order to quantify the noise levels during the construction activities. This data can be used for reference in future if the needs arise. Any complaint received must be investigated promptly to avoid more serious problems from occurring in the future. The noise monitoring can be monitored monthly during construction phase of the project.
Vibration monitoring can be carried out at designated location as and when required, especially during the piling activities. The vibration monitoring equipment should be calibrated employing techniques outlined in the respective standards and guidelines. The location of the vibration sensor should be installed to the nearest structure, i.e. buildings, houses and any other structures. The baseline vibration data collected for site prior to the implementation of the project will be used as reference data for the subsequent monitoring data.
It is recommended that the water quality monitoring be carried out monthly until all earthwork and construction works are completed. Parameters to be tested during field based measurement are Temperature, Dissolved Oxygen (DO), and pH. Parameters for laboratory analysis are Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Ammonia Nitrogen (NH3), Total Suspended Solids (TSS), Oil and Grease, and E. coli concentration. It is important that the parameters directly related to the construction activities are constantly measured.
Additional parameters to be tested during the operation activities are Conductivity, Total Nitrogen and Total Phosphorous. Once the construction activities are completed, the monitoring frequency may be monthly or quarterly depending on the environmental performance of the site.
It is recommended that the ground water quality monitoring be carried out quarterly until all earthwork and construction works are completed.
Once the construction activities are completed, the monitoring frequency may be monthly or quarterly depending on the environmental condition of the site.
During the construction phase, the total suspended solids should be monitored on monthly basis at all the silt traps and run off outlets to gauge the sediment laden run off and erosion potential of the construction site. Generally, the suspended solids in the wastewater discharged into any open drainage system which leads to any water bodies should not be more than 100 mg/l and, therefore, monitoring of suspended solids at the run off outlet is essential.
Monitoring During Operation Phase
During the operation phase, the main emissions into the air would be Total Suspended Particulate (TSP), Particulate Matter (PM 10 ), Dust fall, Carbon Monoxide (CO), Sulphur Dioxide (SO 2 ) and Nitrogen Dioxide (NO 2 ). As such, it is recommended that regular monitoring of these parameters is carried out around built-up areas or areas of significant human population. The ambient air monitoring can be conducted every month, onset of the operational phase.
Noise monitoring must be carried out during operation phase of the proposed project. This is important in order to quantify the noise levels during the actual operation activities. Any complaint received must be investigated promptly to avoid more serious problems from occurring in the future. The noise monitoring can be monitored monthly during operation phase of the project. The wastewater (from trucks and washing activities) within the site will be discharge into leachate treatment plant for treatment. The wastewater before discharge into Sg. Damansara should be analysed for all the Standard B parameters on monthly basis. Monitoring data need to be compared with baseline data obtained during the pre-construction period.
The two permanent monitoring wells established within the site shall be used for long term ground water quality monitoring and compared with baseline data obtained during pre-construction period. During the operational phase, the monitoring frequency may be monthly or quarterly depending on the environmental condition of the site.
CONCLUSION
The Environmental Management Plan addressed specifically the need for an effective environmental monitoring programme. In implementing the EMP, the project proponents also need to adhere to all the terms and conditions of EIA approval and other environmental regulatory requirements. The monitoring of environmental parameters during the construction and operation phases of the project enables the project development to be implemented within safe environmental conditions.
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